Background: Sub-optimal antibiotic prescribing remains a public health concern in Namibia. The objective is to determine the level and predictors of compliance to guidelines in the prescribing of antibiotics in acute infections at a national referral hospital in Namibia to improve future prescribing. Methods: Descriptive observational cross-sectional study. The clinical records of patients receiving care were reviewed. Prescribing practices were assessed using a self-administered questionnaire with reference to Namibia Standard Treatment Guidelines (NSTG). Results: The majority of prescriptions (62%) complied with the NSTGs; however, lower than national targets (95%). Most prescriptions were empiric and prescribers typically made reference to the NSTG (58%). Diagnosed infections were principally respiratory infections (58%) and penicillins were the most used antibiotics. Good concurrence between signs and symptoms with the diagnosis; diagnosis of upper respiratory tract, oral-dental and urogenital infections with prescribing of penicillins. Combination antibiotics and amphenicols were independent predictors of compliance to the NSTGs. The main behaviours associated with antibiotic prescribing were patient influences, clinical state, and access to guidelines. Conclusions: Compliance to NSTGs is suboptimal. Prescribing of combination antibiotics, penicillins and diagnosis of oral dental, genitourinary and ear, nose and throat infections were important predictors for NSTG compliance. There is a need to implement antibiotic indicators and stewardship programmes, and ensure access to NSTGs, to improve future antibiotic prescribing in Namibia.
Introduction
Sub-Sahara Africa has the highest burden of infectious disease in the world [1] . The global efforts against HIV/AIDS [2] , combined with pushing the WHO essential medicines programmes [3] and other factors including extensive self-purchasing of antibiotics in Africa [3] [4] [5] [6] [7] , has resulted in the consumption of antibiotics in sub-Saharan Africa tripling in recent years [8] [9] [10] [11] . A number of interventions have been implemented to enhance access to medicines and promote appropriate antibiotic prescribing to help reduce antimicrobial resistance (AMR) development [12] [13] [14] . This is because AMR is a growing public health challenge across countries including sub-Sahara Africa, increasing morbidity, mortality and costs [15] [16] [17] [18] [19] [20] [21] .
In Namibia, resistance to essential antimicrobials has been estimated to be between 25 -98.9% [22, 23] . This is not helped by the excessive prescribing of antibiotics at health facilities in Namibia, estimated at between 28 -83% of all prescriptions [24] [25] [26] , coupled with increasing recognition that the over use of antibiotics is associated with increasing AMR rates [18, [27] [28] [29] [30] [31] [32] [33] [34] .
The unnecessary use of antibiotics has been associated mainly with outpatient department (OPD) related illnesses [35] , particularly acute upper respiratory infections (URTIs) [6, 34, [36] [37] [38] and diarrhoea -related illnesses [39] . The majority of infections in OPD care are acute and of viral origin [31, 38, 40, 41] , which do not necessitate antibiotics [18, 42, 43] . Unfortunately, the over use of antibiotics in OPD related illnesses remains common in both the public and private healthcare sectors in Namibia [24,26.44] . This is despite the availability of Namibian Standard Treatment Guidelines (NSTG) in public health facilities since 2012 [26, 45] . However, efforts at improving the quality health care in Namibia have generally been sub-optimal [46, 47] .
The quality of antibiotic prescribing in outpatients or ambulatory care across countries has been compromised by high workloads [48] , short consultation times [49] , high turnover of staff and with most staff lacking experience and qualifications [50, 51] . Several Health Management Information System (HMIS) reports and medicine use surveys in Namibia have shown sub-threshold levels of the Health Facility indicator 13 (HF-13 indicator), which measures the percentage of prescriptions with an antibiotic [52] . However, the impact of the introduction on the HF-13 indicator has not been evaluated to date. There has also been limited local guidance on potential interventions to improve future antibiotic prescribing in OPDs to complement the Namibian STGs, although this is changing [14, 53] . In addition, antibiotic use policies in Namibia are currently not comprehensive. As a result, there is a need to better explore potential predictors for antibiotic use in OPDs in Namibia, and tailor policies to address areas of concern. This is because the impact of any interventions, including the availability of the Namibian STGs [45] and antimicrobial stewardship programmes [54] , remains unknown.
Consequently, we sought to determine the rate and predictors of antibiotic prescribing in OPD care in Namibia, as well as assessing antibiotic prescribing compliance against the current recommendations in the NSTGs. Subsequently, use the findings to develop pertinent policies to improve future antibiotic use in Namibia. We also believe our findings will have potential implications for other sub-Saharan countries as they monitor and refine their antibiotic use.
Methods

Study design and setting
An analytical cross-sectional survey design, adapted from the WHO medicine use survey, was undertaken [55] . Both quantitative and qualitative data on antibiotic prescribing were collected from patient prescription records and prescribing cadres at the outpatient department of Katutura Intermediate Hospital. This is a national referral and teaching hospital located in Windhoek, which is the capital of Namibia. It has 12 OPD consultation rooms and each doctor sees an approximate of 50-100 patients a day. Consequently this study can provide a realistic scenario of current prescribing patterns in OPDs in Namibia.
Study subjects
The study assessed antibiotic prescribing based on an analysis of prescription records and interviews of prescribers. The outpatient department's prescription turnover was estimated at 18,790 prescriptions per quarter. There were a total of 97 prescribers at the hospital. These include 13 specialists, 51 medical officers and 33 Intern medical doctors. Consequently, a sample size of 347 prescriptions and 77prescribers was determined using EpiInfo TM version 7.2 software (CDC, Atlanta, GA, USA), at 95% confidence level, 80% power and expected frequency of compliance to NSTGs at 63.3% [24] for prescriptions and 50% for prescribers, and a precision of ± 5%. The study only included prescribers working in the OPD units and prescriptions that had antibiotic orders after consultations. Prescriptions without a diagnosis or with multiple diagnoses (> 1) were excluded from this study since it would be difficult in these circumstances to allocate a medicine to a diagnosis, and assess whether the prescription complies with the NSTG. The prescriptions of patients who did not give consent for review of their health passports, or had a severe illness and were being referred to an inpatient department for further care, were also excluded. Overall, 316 prescriptions were subsequently analysed ( Figure 1 ). 
Procedure
Data were collected by the research team over a two month period from 29th June to 29th August 2016. June to August is winter in Namibia and the OPD generally receives more patients during this time than for other months of the year. In addition in winter, relatively more patients present to the hospital with respiratory tract infections, and there is a corresponding high consumption of antibiotics as revealed by pharmacy records. Consequently, this period was chosen for the study since in appropriate prescriptions for antibiotics are most likely during this period.
The study was undertaken in two stages. The first phase was the quantitative prescription analysis to determine the level and predictors of compliance to NSTG. The second phase was a qualitative assessment using prescriber interviews to describe behaviors behind the prescribing of antibiotics in acute infections. A pre-tested and standardized data abstraction tool was used to collect data from the prescriptions. An interviewer-administered questionnaire was used to assess behaviours and practices towards compliance to STGs when physicians prescribe antibiotics. The prescriptions were selected using a systematic sampling method such that the prescription of every 36 th eligible patient was reviewed. The prescribers were selected using a simple random sampling technique. Data on antibiotic prescribing, compliance to STGs, and patient details (demographics, diagnosis) were collected. The compliance to guidelines was determined using a correctness score sheet from a panel assessment of three expert groups -a clinical pharmacist, a consultant physician and the research team.
Criteria for assessing antibiotic prescribing
The main outcome of the study was the level of compliance to the NSTGs in antibiotic prescribing in ambulatory / OPD care. The patterns of antibiotic prescribing were determined by the type of antibiotic prescribed according to the WHO ATC/DDD classification [56] and the indication of the antibiotic as recommended by the Namibia STG [45] . According to the NSTG, indications for antibiotic use are categorized as: respiratory; gastrointestinal; ear, nose and throat (ENT); genitourinary and obstetrics and gynaecology (OBGY). In addition, whether the prescribed antibiotic was included in Namibia's Essential Medicine List (Nemlist). Other parameters explored included patient socio-demographics, clinical and treatment characteristics.
Analysis
Data were entered into Epidata v 3.1 for management and was exported to SPSS Version 23 for quantitative analysis. The World Health Organisation/ International Network for Rational Use of Drugs (WHO/INRUD) [57] prescribing indicators were determined using descriptive statistics. The association of the prescribing indicators and the compliance level were determined using the Chisquared test for categorical variables, student's T-test and/or ANOVA for continuous variables, with the level of significance (α) set at p = 0.05 and a 95% confidence interval. Cramer's V statistic was used to test the practical significance of this association (with Cramer's V ≥ 0.5 defined as practical significance). A binary logistic regression model was constructed to determine the coefficients (OR) of the covariates as independent predictors of compliance to STGs in antibiotic prescribing.
Ethics
Formal ethical approval was granted by the ethics committee at the Ministry of Health and Social services (MoHSS). Permission to conduct the study was given by the hospital management. Confidentiality and anonymity of patients and prescribers was maintained. Specific personal identifiers such as the names of the patients and prescribers were not collected but rather coded identity numbers were assigned to individual study participants.
Results
A total of 316 (100% response) outpatient prescriptions were assessed ( Figure 1 ). All the prescriptions were initiated by medical officers (physicians), the majority of which were by female 192/316 (60.8%) ( Table 1 ). The majority of patients were female and adult, i.e. ≥ 16 years. The most diagnosed infections were respiratory tract (n=185, 58.5%; p< 0.001), urogenital (n=45, 14.2%) or oral dental infections (n=39, 12.3%) ( Table 1 ). In the majority of prescriptions, the diagnoses indicated were consistent with the clinical presentations (p<0.001); or patients were physical examined (p <0.001) with typically no laboratory investigations (p < 0.001). The majority of the antibiotics were prescribed after physical examination but with no laboratory investigations ( Table 1) . The most prescribed combinations of antibiotics were metronidazole and amoxicillin.
Out of the 77prescribers interviewed, the majority (71%) had less than 5 years work experience and attended to between 1 to 50 patients per day (65%). More than half of the prescribers (46 -60%) self- reported that they referred to the NSTG in their antibiotic prescribing. The majority of whom, i.e. 33/46 (72%), used the NSTG on a regular basis (every week). Limited access to copies of an up-to-date NSTG (64%) was the main reason why prescriber's did not regularly use the guidelines in their prescribing of antibiotics.
Overall, the main thematic areas driving antibiotic prescribing were patients' influence, access to upto-date objective information, severity/complexity of the patients' condition and the availability of antibiotics in the hospital (Table 2) . . Prescribers reported initiating antibiotic therapy only when they were certain of diagnosis (55%). Majority reported that they prescribed antibiotics empirically (60%) based on signs and symptoms, after laboratory investigations (67%) or after performing a physical examination (71%)
Access to antibiotics
The unavailability of antibiotics (58%) indicated in the guidelines prompted prescribers to use alternative antibiotics that were in stock. These might not have been the antibiotics of choice.
Compliance to guidelines in antibiotic prescribing
Most of the antibiotic prescriptions, i.e. 62% (196/316), complied with Namibian STGs. Compliance to the NSTG ranged from 31% to 100% by type of infection ( Figure 2 ). The compliance to antibiotic prescribing was optimal (≥80%) for obstetric and gynecological infections (100%), with compliance sub-optimal in 8 out of 9 (88.9%) of the NSTG indications, particularly oral dental, ophthalmological, urogenital infections and respiratory infections ( Figure 3 ).
Bivariate analysis in Table 1 showed a significant association between compliance to NSTGs with the patients' age category (p = 0.026), type of infection (p<0.001), consistency between signs and symptoms and the diagnosis (p<0.002), and the ATC antibiotic category (p<0.001) ( Table 1 ).
Figure 3: Compliance to NSTG in antibiotic prescribing
Multivariate logistic model for factors associated with compliance to NSTG prescribing A logistic regression analysis was conducted to predict the compliance to NSTG prescribing for the 316 patients initiated on antibiotics, based on the patient's demographics, diagnosis, ATC class antibiotic and assessment of the patient (Table 3) . A test of the full model against a constant only model was statistically significant, indicating that the predictors as a set reliably distinguished between compliance and non-compliance to NSTGs when prescribing ( 2 = 162.6, p<0.001 with df = 20). Nagelkerke's R 2 of 0.547 indicated a good relationship between prediction and grouping by compliance to NSTG.
Prediction success overall was 84.8% (92.2% for compliance to NSTG and 72.5% for non-compliance to STG prescribing). The Wald criterion demonstrated consistency between the signs and symptoms (OR=5.2, 95%CI:1.4, 19.2)), diagnosis of dental or oral infections (OR=0.1, 95%CI: 0.03, 0.3), urogenital infections (OR=0.3, 95%CI: 0.1, 0.9), and the ATC class of the prescribed antibiotic, including combination antibiotics (OR=0.1, 95%CI: 0.03, 0.3) and/ or J01B antibiotics (OR=0.3, 95%CI: 0.1, 0.9), which all made a significant contribution to predictions. On the other hand, patients' demographics, category of prescriber, diagnosis and health facility level were not significant predictors for compliance to NSTGs. The covariates of dental or oral infections, urogenital infections, the prescribing of combination antibiotics, and/ or J01B antibiotics were identified as independent risk factors for compliance to NSTG prescribing (Table 3) . 
Discussion
In this study, a considerable proportion of antibiotic prescriptions were for patients < 16 years of age. This is a concern as this age group currently accounts for 36% of Namibia's population, and has been reported at high risk for acute infections [58] . In addition, acute lower respiratory and head, ear, eye, nose and throat (HEENT) infections accounted for more than half of the diagnoses (Table 1) . Appropriate prescribing of antibiotics in acute respiratory infections is particularly important as the vast majority of URTIs are viral in origin [14, 18, 31, 38, 40, 41, 43] , although lower respiratory tract infections are the third leading cause of mortality worldwide [59.60] .
Though not a significant predictor for compliance to NSTGs, the majority of the antibiotic prescriptions were generated after physical examination, although approximately 9 out of 10 patients did not undergo laboratory investigations (Table 1) . In this study, the number of patients who did not undergo physical examination could be explained by the busy consultations in the OPD. The limited number of laboratory investigations undertaken suggests that empiric prescribing of antibiotics is still a common practice in ambulatory care [26, 61] . This may be partly due to a lack of a rapid diagnostic testing for antibiotic sensitivity, lack of policies for antibiotic prescribing and/or the lack of capacity to perform investigations on every patient. This practice may aggravate unnecessary antibiotic use and increase AMR rates unless there is strict adherence to current guideline policies.
In this study, compliance of antibiotic prescribing with the recommendations of the NSTG was found to be sub-optimal (62%) compared with MoHSS and global targets of > 95% [52, 62] . This lower level of compliance could be due to a lack of formal monitoring systems as well as a lack of outpatient antimicrobial stewardship programmes. In addition, a lack of readily available NSTGs to guide prescribing. A systematic review on antimicrobial stewardship programmes suggests that certain interventions such as prescriber/and patient education, guideline implementation, delayed prescribing, decision support systems and laboratory testing, can reduce unnecessary antimicrobial overuse [14, 54] . Evidence from Bangladesh suggests that the roll-out of STGs without undertaking antimicrobial stewardship interventions will typically not significantly reduce antibiotic prescribing [63] .
Similar studies in the private and public sector in Namibia have also reported sub-optimal levels of compliance to guidelines, and demonstrated that the preferred choices of antibiotics were not in line with the NSTGs [24, 26] . In Namibia's private sector, non-compliance has been associated with the prescribing of second-line antibiotics in place of the first-line choices according to the NSTGs. This is partly because of the limited roll out and use of the NSTGs among private health facilities in Namibia. This calls for a pragmatic approach towards a public/ private sector mix in reducing unnecessary antibiotic use. Such strategies should include a common antibiogram and antibiotic treatment guidelines as well as a monitoring and reporting systems to measure future antibiotic use.
In this study (Figure 2 ), over half of the prescriptions had antibiotics belonging to J01C (penicillins), and these were prescribed mainly for respiratory and/or gastrointestinal infections. Several studies in the sub-Saharan region have reported a wide use of these antibiotics partly due to a lack of comprehensive guidelines advocating different approaches [64] . Secondly, according to studies conducted in Lesotho [61] , Namibia [44] and Uganda [6] , respiratory tract infections are the most common infections in outpatient departments for which J01C antibiotics are the most prescribed. These studies have also reported high prevalence of acute respiratory infections (ARIs) in OPD units, ranging between 30 -70%. It is important to note, as mentioned, that this study was conducted in winter (May -August), the peak period for ARIs in Namibia, which may have resulted in a higher incidence of ARIs and antibiotic prescribing in this study.
Similar studies in Namibia's public [44] and private [26] sectors have also reported the over use of J01C antibiotics -including amoxicillin with clavulanic acid (co-amoxiclav ® ), amoxicillin as well as ciprofloxacin. This is mainly due to treatment policies and guidelines recommending the use of J01C antibiotics as first line antibiotics for most acute in infections including respiratory, gastrointestinal and genitourinary and musculoskeletal infections [64] . Whilst Pereko and colleagues reported that most isolated bacterial pathogens had high sensitivity to amoxicillin, the overuse of these penicillins for ARIs has been associated with resistance in the public sector, and poses a potential selective pressure on this class of medicines [22, 23, 26, 36, 64] .
The bivariate analysis showed a statistically significant association between the number of infections and compliance to NSTG recommendations. These include respiratory (p = 0.016), oral and dental infections (p < 0.001) as well as urogenital (p = 0.022) infections (Table 1) . Kunda also found a significant association between the type of infections and the rate of antibiotic prescribing (p < 0.001) [44] . Consequently, by focusing on key infections with currently poor compliance to NSTGs, and instigating interventions to reduce inappropriate antibiotic prescribing especially where viral infections are suspected, there is the potential to appreciable improve antibiotic use. This will be the subject of further research.
A multivariate logistic model identified the concurrence between signs and symptoms with the diagnosis, type of infection (diagnosis) particularly upper respiratory, oral dental and genital urinary infections, as well as the choice of antibiotic including J01C (penicillins), J01R(combination antibiotics) and J01B(Amphenicols), as independent predictors of compliance to NSTGs with respect to antibiotic prescribing (Table 3) . Consequently, future interventions to improve antibiotic prescribing should incorporate indicators for assessing these covariates. This will again be the subject of future research in Namibia as part of developing pertinent quality indicators for antibiotic prescribing rather than continually assessing prescribing against a single number for all prescriptions currently advocated by the WHO and others [57] . The findings may also be of interest to other countries with similar characteristics to Namibia.
Qualitative assessments regarding antibiotic prescribing behaviours among physicians showed that, patients' request for antibiotics (85%), and their expectation to be prescribed an antibiotic (73%), were important drivers of unnecessary antibiotic prescribing. Similar findings have been found in other studies [18] . This demonstrates the need for patient and prescriber education, along with measures to enhance appropriate antibiotic prescribing, as a key component of any antimicrobial stewardship programme [54] along with interventions to enhance adherence to NSTGs. This has worked successfully in other countries [65] [66] [67] .
Conclusion and recommendations
The study demonstrated sub-optimal compliance to NSTG regarding antibiotic prescribing in OPDs in Namibia. There was also an overuse of J01C antibiotics for the management of acute infections. The respiratory, urogenital and oral dental infections, as well the prescribing of J01C (Penicilins), J01B (Amphenicols) and J01C (combination antibiotics), appear important predictors of compliance. In view of this, tailored antimicrobial stewardship programmes involving a multidisciplinary approach should be instituted in Namibia, building on successful programmes in other countries. This includes ready availability of NSTGs in OPDs given current limited access in some settings.
Specific indicators on the type of infection and choice of antibiotic regimen should also be developed and validated for improving antibiotic prescribing in ambulatory care in the future. There is also a need to undertake this research in other settings in Namibia. These are activities for the future.
Limitations
We accept that the study adopted a cross-sectional design and patients were not followed up to determine the treatment outcomes. We also excluded patients with more than one diagnosis. In addition, only patients with acute infections were included in this study. We also only conducted the research in one major centre. Furthermore, we acknowledge we only conducted in winter. However, relatively more patients present to hospitals with RTIs at this time in Namibia. Consequently, we believed an assessment of the appropriateness of antibiotic prescribing during winter, given greater pressures on OPDs at this time, would give a good indication of the current quality of antibiotic prescribing. We are also aware that we were unable to compare prescribing practices among different physician types as the prescription forms used made no provision for the doctor's designation. We acknowledge that further studies are warranted to explore antibiotic prescribing in more detail given current concerns. We also are aware that we need to track the extent of self-purchasing of antibiotics in community pharmacies in Namibia as this can be extensive in some African countries. Despite these limitations, we believe our findings are robust and already provide guidance to the authorities in Namibia on potential future strategies to consider and potentially adopt to improve the prescribing of antibiotics throughout Namibia.
Key Points
 Indiscriminate prescribing and dispensing of antibiotics is the principal cause of AMR worldwide. Currently, there is limited evidence of compliance with national STGs in Namibia (NSTGs), which needs to be addressed to reduce future AMR rates  There are also concerns that crude antibiotic prescribing targets established by the WHO and others may not truly reflect appropriate prescribing and that adherence to standard guidelines such as NSTG may be a better indicator of prescribing quality  The most common diagnosis in OPDs in Namibia was respiratory infections, typically prescribed a penicillin. Encouragingly 62% of prescriptions adhered to NSTGs; however, this is below the national 95% target  There was concurrence between signs and symptoms with the diagnosis, diagnosis of a URTI, oral-dental or genital urogenital infection as predictors of compliance to NSTGs; the prescribing of penicillins, combination antibiotics and amphenicols were independent predictors of compliance to NSTGs with respect to the prescribing of antibiotics in acute infections  The main behaviours associated with antibiotic prescribing were patient influences, the clinical state of the patient's condition as well as access to up-to-date objective guidelines and essential antibiotics  There is need to implement a formal antibiotic indicator monitoring system in Namibia as well as antimicrobial stewardship programmes and continuous professional development to improve future antibiotic use. This could include new quality indicators given concerns with current ones
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